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Abstract. Ocular prostheses are important determinants of their users’ aesthetic recovery and self-esteem. Because
of use, ocular prostheses longevity is strongly affected by instability of the iris color due to polymerization. The goal
of this study is to examine how the color of the artificial iris button is affected by different techniques of artificial
wear and by the application of varnish following polymerization of the colorless acrylic resin that covers the colored
paint. We produce 60 samples (n ¼ 10) according to the wear technique applied: conventional technique without
varnish (PE); conventional technique with varnish (PEV); technique involving a prefabricated cap without varnish
(CA); technique involving a prefabricated cap with varnish (CAV); technique involving inverted painting without
varnish (PI); and technique involving inverted painting with varnish (PIV). Color readings using a spectrophotometer
are taken before and after polymerization. We submitted the data obtained to analyses of variance and Tukey’s test
(P < 0.05). The color test shows significant changes after polymerization in all groups. The PE and PI techniques
have clinically acceptable values of ΔE, independent of whether we apply varnish to protect the paint. The PI
technique produces the least color change, whereas the PE and CA techniques significantly improve color stability.
© 2013 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.18.5.058002]
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1 Introduction
Ocular losses arising from congenital deformities, cancer, or
trauma1–6 cause aesthetic damage, as they result in asymme-
try and, consequently, facial disfigurement.1–4,7–10 The ocular
prosthesis is a rehabilitative option that is safe, generally aes-
thetically pleasing, and satisfactory from a treatment point of
view.10–13 Although it does not restore vision, it does restore
the face’s aesthetic appearance, beautifying the face, where
the patient’s appearance had been compromised.5

The material of choice for fabrication of ocular prostheses is
thermopolymerizable acrylic resin. The acrylic resin for the arti-
ficial sclera contains white pigments to approximate the color
of a natural sclera. A colorless acrylic resin is used to cover
sketches of blood vessels and the artificial iris, which remain
adhered to the artificial sclera.1–3,5,6

Ocular prostheses are only remain effective for a short period
of time, ranging from one to five years.1,5 They need to be
remade mainly because of changes in the artificial iris color.
The artificial iris color is a cosmetic characteristic that is impor-
tant to the patient, and one that should be observed shortly after
the iris is made, as well as during use.14,15 Some authors suggest
that the chromatic changes in artificial irises come not simply
from degradation caused by exposure to environmental factors,
but rather mainly from the process of polymerization in the
acrylic resin that covers over the paint.16–20

With the aim of increasing the stability of the prosthesis color
in the face of aging caused by the artificial iris paint exposure to

environmental factors and minimizing the effects of the polym-
erization process, the use of prefabricated caps has won favor
over other techniques of ocular prosthesis production.17,21–24

In conjunction with this technique, a protective varnish can
be applied over the paint of the artificial iris to reduce chromatic
changes.2,17

In light of the aforementioned factors, this study’s goal was
to analyze the stability of the color of artificial iris buttons
obtained by conventional painting techniques relative to those
produced by inverted painting on a prefabricated cap or by con-
ventional painting under the prefabricated cap, with or without
the use of a protective varnish, after application of colorless
acrylic resin over the paint.

2 Materials and Methods

2.1 Sample Preparation

We obtained samples that were produced by way of the above
techniques of ocular iris button manufacture and divided them
into six groups (Table 1). We made 60 samples simulating ocular
prostheses with brown irises. The manufacturing techniques for
the ocular iris’ button were the conventional technique (pressing
the acrylic resin onto a painted disk of paper, PE), the technique
involving a prefabricated cap (the base of the ocular cap posi-
tioned over the painting of the paper disk, CA) and inverted
painting (the base of the painted ocular iris, PI). We made 20
samples with each technique and applied protective varnish
to half of the samples made by each technique (PEV, PIV,
and CAV), leaving the other half unvarnished (PE, PI, and
CA) and producing 10 samples in each final group.
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We made the samples using modified metal matrices accord-
ing to the technique established by Goiato et al.23 These matrices
were rectangular, measuring 30 mm length, 20 mm width, and
2 mm thickness, with a 13-mm-diameter circular demarcation in
the center (Fig. 1). We positioned colorless ocular caps onto the
center of the matrices, on top of the demarcation. The metal
matrix and colorless cap unit was placed in their own muffle
for polymerization in a microwave oven.

Shortly after the final press of the plaster, we withdrew each
unit from the muffle, and we filled the region corresponding to
the prefabricated ocular cap (Artigos Odontológicos Clássico
Ltda., SP, Brazil) with extra-hard silicon (Zhermack, Italy)
and filled the region corresponding with the matrix with ther-
mopolymerizable N.1 acrylic resin (Artigos Odontológicos
Clássico Ltda., SP, Brazil) and placed the unit in a hydraulic
press (Midas Dental Products Ltda., SP, Brazil) with a force
of 1.2 kgF for 2 min. We polymerized the resin in a microwave
oven (Brastemp, SP, Brazil) at 60% maximum power (1400 W)
for 3 min.23,24

After polymerizing the resin, we opened the muffle again and
removed the silicon that had filled the mold of the ocular cap to
be pressed into each artificial iris button. We produced the arti-
ficial iris by painting a brown-colored oil paint (Acrilex Tintas
Especiais SA, SP, Brazil) onto disks of black cardboard or onto
the planar surface of the ocular cap (inverted painting), both with
a diameter of 13 mm, during the same period and under the same
lighting conditions, using an n.0 ref. 175 brush (Tigre S.A., SP,
Brazil). To accelerate drying of the oil paint, we added a cobalt
drying agent (Acrilex Tintas Especiais SA, SP, Brazil) corre-
sponding with 30% in weight of the quantity of oil paint
used. We conducted the final drying by using direct exposure
to a 250-W, 130 E26-V infrared light source (Empalux Ltda.,

PR, Brazil) at a 30-cm distance from the disks for 2 h.11

After completing this process, we applied three light layers
of waterproof paint-protecting varnish spray (Acrilex Tintas
Especiais SA, SP, Brazil) to the artificial irises from the PEV,
CAV, and PIV groups.

To obtain the artificial eye buttons for the samples from
groups PE and PEV, we pressed acrylic resin onto the painted
surface of the paper disk. For this process, we fixed the painted
disks with a liquid adhesive (J-305, Monopoly Syrup; Factor II
Inc., Lakeside, Arizona)18 onto the center of a thermopolymer-
izable N.1 acrylic resin plate (Artigos Odontológicos Clássico
Ltda., SP, Brazil). We pressed a colorless acrylic resin specifi-
cally made for ocular prostheses onto the disks. We inserted the
resin into the molds contained in the muffles, so we could then
press them in a hydraulic press with a force of 1.2 kgF. We
polymerized the resin in a microwave oven (Brastemp, SP,
Brazil) at 60% maximum power (1400 W) for 3 min.11

We obtained the buttons of the artificial irises from the sam-
ples in groups CA and CAV by fixing the painted area of the
cardboard disks onto the base of the ocular caps, using liquid
adhesive (J-305, Monopoly Syrup; Factor II Inc., Lakeside,
Arizona).18 Next we fixed the iris buttons using the same adhe-
sive to the center of a thermopolymerizable N.1 acrylic resin
plate. On the interface between the iris button and the N.1
acrylic resin plate, we pressed on thermopolymerizable colorless
acrylic resin, and polymerized it in a microwave oven under the
same conditions described above.11

We obtained the artificial iris buttons from the samples in
groups PI and PIV by painting the iris on the base of the ocular
cap (inverted painting technique), then fixing it with liquid adhe-
sive (J-305, Monopoly Syrup; Factor II Inc., Lakeside, Arizona)
20 onto the center of the N.1 acrylic resin plate. On the interface
between the iris button and the thermopolymerizable N.1 acrylic
resin plate, we pressed and polymerized thermopolymerizable
colorless acrylic resin, as previously described.11

2.2 Spectrophotometric Analysis of Color Change

Once this procedure was completed, initial color readings were
taken using visible ultraviolet reflect spectrophotometer, across
the diameter of the sample. For the measurement of a color
difference, the uniformed color space color system, which is
closer to the human sensation, was used to show the color
difference quantitatively. Chromatic and whiteness/brightness
changes were evaluated by refraction spectrophotometer (UV-
2450; Shimadzu Corp, Kyoto, Japan), with wavelength ranging
from 780 (at the beginning) to 380 (at the end); and color
changes being calculated according to the International Com-
mission on Illumination (CIE) standards using the L*a*b*
system with the standard illuminant D65.2,11–13

The spectrophotometer (UV-2450; Shimadzu Corp, Kyoto,
Japan) has a ceramic emission source in which the light
beams are transmitted toward the sample. In the refraction
spectrometry, the monochromatic color focus on the surface of
sample and part of the light beam is absorbed and the other is
reflected.11 The amount of reflected light is captured by a photo-
cell, which translates its wavelength into electrical signals, and
is further captured by the computer system (UVPC Optional
Color Analysis software package, Shimadzu Corp, Kyoto,
Japan). This color measurement software provides the CIE
L*a*b* color systems, where L* (or L) shows the lightness,
and the other two parameters (a* and b*; or a and b) show
the chromaticity.13

Table 1 Analysis of variance (ANOVA) of the color changes after
polymerization.

Variation factors df SS MS F P

Technique 2 389.886 194.943 770.107 <.0001a

Varnish 1 23.299 23.299 92.043 <.0001a

Technique × varnish 2 5.718 2.859 11.294 <.0001a

Error 54 13.669 0.253

Total 59 432.573

aStatistically significant difference.

Fig. 1 A schematic representation of the dimensions of the metal matrix
showing the ocular cap’s position from above (a) and from the side (b).
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The CIE L*a*b* system allows color perception to be speci-
fied in three-dimensional (3-D) space (Fig. 2) by comparing
the color of the surface of sample with the control group of
the equipment, through a wavelength versus refraction index.
In this 3-D color space, the three axes are namely L*, a*,
and b*. The “L” value is known as whiteness or brightness
of an object and ranges from 0 (black) to 100 (perfect
white).13 The “a” value represents the quantity of red (positive
values) and green (negative values), while the “b” value repre-
sents the quantity of yellow (positive values) and blue (negative
values). The “a” and “b” parameters coexist on the same
plane within this 3-D space (Fig. 2). Color variation between
two points was calculated using the CIE L*a*b* system,
based on the following formula: ΔE ¼ ½ðΔLÞ2þ ðΔaÞ2þ
ðΔbÞ2�1∕2. The samples were positioned in the same way
using a black covered metal device that was created by the
authors and adapted to the spectrophotometer (UV-2450;
Shimadzu Corp, Kyoto, Japan) for use in this study; this device
was designed to standardize the reading area and prevent color
variation.13

2.3 Statistical Analysis

We performed two-way analyses of variance (ANOVAs) to
verify whether outcomes were affected by technique or the
presence of varnish. We used the Tukey-Kramer’s HSD test
(α ¼ 0.05) to compare the values obtained from the tests
performed.

3 Results
Tables 1 and 2 show the results obtained. All of the factors we
evaluated influenced the values for the chromatic stability of the
artificial iris buttons after polymerization (Table 1; P < 0.001).

Significantly less chromatic change was observed in the sam-
ples in the PEV and CAV groups than in their no-varnish coun-
terparts in the PE and CA groups (Table 2). Samples made using
the PI technique with varnish (PIV group) had the lowest ΔE
values, differing significantly from all groups except the PI
group, which had the second lowestΔE value. Meanwhile, sam-
ples made using the CA technique without varnish (CA group)
had significantly higher ΔE values than all other groups, includ-
ing the CAV group, which had the second highestΔE values and
differed significantly from all other groups.

4 Discussion
The present results demonstrated that both technique and var-
nish had significant effects on chromatic change for all of the
factors analyzed (Table 1). A significant interaction of technique
and varnish on chromatic change was also observed. The results
obtained verify that the color derivative (ΔE) for all of the
samples was greater than zero in both periods of measurement,
as indicated by spectrophotometric analysis of color change
(Table 2).

The traditional technique of manufacturing ocular prostheses
involves painting the iris onto cardboard paper and pressing
acrylic resin directly onto this painting. Brown oil paint, as
used in this study, has been characterized as more stable than
other colors owing to the presence of opacifiers (zinc oxide)
and mineral components (linseed oil), which form a resistant,
irreversible, and transparent film.11,12 Nevertheless, a color
change was observed. The observed color changes may be
due to polymerization of the materials, paint, and resin.
There may have been an interaction between the components
underlying the change in color observed in samples from groups
PE and PEV.

Previous studies have demonstrated that staining of artificial
eyes occurs mainly after the colorless acrylic resin has been
polymerized.11,12 In order to minimize this effect, we used a
paint-finishing varnish. With the PE technique in particular,
we observed more change in color after polymerization in
the absence of varnish (PE group) than in the presence of varnish
(PEV group). Thus paint-protecting varnish may form a protec-
tive film over the iris paint that minimizes the reaction between
residual monomers and the oil paint’s polymer components,
thereby improving color stability.

Using prefabricated caps should impede the residual mono-
mer’s action on iris paint, and thus should reduce color change.
However, we found that the samples made with caps (CA and
CAV) exhibited the most chromatic change than samples made
without them. To glue the prefabricated cap onto the unit of N1
resin and the iris painting on cardboard, we used Monopoly
Syrup (J-305). We suspect that using this adhesive directly
on the painting may have destabilized the color. The adhesive,
composed of a methyl methacrylate monomer, could have
reacted with the polymer components of the oil paint, thus
altering the color. We also observed that application of paint-
protecting varnish (CAV) significantly reduced color instability

Fig. 2 Schematic diagram of the CIE L*a*b* system.

Table 2 Mean values (with standard deviations) for color change (ΔE)
in each group.

Group Period measured T1B (ΔE)

PE 3.08 (0.55) A

PEV 1.93 (0.44) B

CA 8.20 (0.85) C

CAV 6.15 (0.48) D

PI 1.52 (0.26) BE

PIV 0.98 (0.11) E

Note: Different letters denote a significant difference between the
groups by Tukey’s test.
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compared with similarly made samples without varnish (CA)
However, even with this reduction, color change remained
high relative to groups of samples made without prefabricated
ocular caps (PE and PEV).

We observed the greatest color stability following polymeri-
zation in the samples that were made using the inverted painting
technique, in which the iris paint is applied directly onto the base
of the ocular cap. We also used Monopoly Syrup to attach the
painted ocular cap to the N1 acrylic resin bar. However, we
applied the adhesive to the base of the cap, below the painting.
We believe that the reaction of the adhesive with the paint’s pol-
ymer components was restricted to the final layer of paint, on the
interface between the N1 resin bar and the iris painting and
therefore did not interfere much with color stability. Using var-
nish on samples prepared using the inverted painting technique
did not significantly affect color stability, presumably because it
was also applied to the interface of the N1 resin bar and the iris
painting.

In reviewing the literature about color change of polymer
materials, we found several studies, such as those by Mundim
et al.21 and Goiato et al.,2,11,12 that defined color change values
(ΔE) greater than 3.7 as clinically unsatisfactory. Here, clini-
cally unsatisfactory values were observed during the initial
processing involved in manufacturing the ocular prosthesis for
the CA and CAV groups.

5 Conclusions
Within the limitations of our study, we conclude that artificial
iris button production using the PI technique yields the least
color change of the three techniques examined, with both the
PI and PE techniques yielding clinically acceptable values.
Furthermore, we conclude that the application of paint-protect-
ing varnish onto the iris painting increases color stability with all
three of the techniques studied.
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